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(57) ABSTRACT

A wire material includes at least two branch structures dis-
posed so as to be continuous with each other, each of the
branch structures including a conductor and a pair of branch-
ing conductors connected to the conductor. The branching
conductors may be connected to a front surface and a back
surface of an end of the conductor. The conductors may be 1n
the form of a foil.
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WIRE MATERIAL, ELECTRONIC DEVICE,
AND CAPACITOR

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Japanese Application
No. 2009-2835400 filed on Dec. 16, 2009 which 1s incorpo-

rated herein by reference.

BACKGROUND

1. Technical Field

The present disclosure relates to a wire material, an elec-
tronic device, and a capacitor.

2. Related Art

From the viewpoint of increasing energy elliciency, in
order to reduce energy consumed by power supply circuits
and electric circuits used 1n transport machinery including
clectric cars, industrial production machinery including mag-
netic induction heating apparatuses, home electric appliances
including IH heaters and inverter air conditioners, and tele-
communication equipment, power supply frequencies have
been increasing vear by year. Furthermore, in electronic
devices, 1n order to store energy with high etficiency, thin-
f1lm multilayer capacitors and multilayer electrolytic capaci-
tors have been proposed (for example, refer to patent docu-
ment 1 below).

Patent document 1: Japanese Unexamined Patent Applica-
tion Publication No. 6-275476

SUMMARY

However, when the drive frequency exceeds about 10 kHz,
there 1s a tendency that an electromagnetic phenomenon
referred to as a “skin effect” becomes marked. The skin efl

ect
1s a phenomenon in which, in general, as the frequency of
alternating current signals (current signals, power signals)
flowing through a conductor increases, electrical current
becomes more concentrated at the surface of the conductor,
and therefore, the conductor resistance (also referred to as the
“alternating-current resistance”) significantly increases. The
skin effect 1s caused by the fact that the density of a magnetic
field produced by high-frequency power increases toward the
center of a conductor, and the counter electromotive force
produced by the magnetic field acts so as to inhibit the flow of
clectrical current. Although the resistance slightly differs
depending on conductor materials, the skin effect inevitably
can be a serious problem in high-frequency-driven electronic
devices and wire materials included therein.

Specifically, under the influence of such a skin effect, for
example, the resistance (high-frequency resistance) of a wire
material constituting a device for which a high-frequency
power supply 1s used or a coil formed using the wire material
increases excessively, resulting in problems, such as an
increase 1n loss to a disadvantageous degree. Furthermore, 1n
a thin-film multilayer capacitor or a multilayer electrolytic
capacitor, when such a skin effect becomes marked, among
the conductors (electrodes) arranged in multilayers, electrical
current mainly flows 1n a conductor located on the surface
side, while electrical current does not easily flow 1n a conduc-
tor located 1nside. Therefore, electrical current 1s concen-
trated at the conductor located on the surface side, and the
resistance (high-frequency resistance) 1n the capacitor
increases excessively, resulting in problems, such as an
increase 1n loss due to the capacitor and difficulty in securing
a desired capacitance.
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Accordingly, it 1s desirable to provide a wire material, an
clectronic device, and a capacitor as an example of the elec-
tronic device, 1n which loss of high-frequency electrical cur-
rent (power) due to the skin etfect can be suppressed.

According to the present disclosure, there 1s provided a
wire material including at least two branch structures dis-
posed so as to be continuous with each other, each of the
branch structures including a conductor and a pair of branch-
ing conductors connected to the conductor.

As described above, when high-frequency electrical cur-
rent flows through a conductor, electrical current 1s concen-
trated at the surface of the conductor due to the skin effect,
and the current density at the surface of the conductor
increases. As a result, the resistance of the conductor tends to
increase. In contrast, according to the present disclosure, 1n
the wire matenial having the configuration described above,
since high-frequency electrical current flowing through a
conductor 1s split into a pair of (two) conductors connected to
the conductor 1n a branch structure, the area of portions in
which electrical current flows, 1.e., the area of surfaces,
increases. Consequently, the volume through which electrical
current flows effectively increases, and the current density
decreases. Therefore, 1t 1s possible to suiliciently reduce the
resistance (high-frequency resistance) to high-frequency
clectrical current due to the skin effect and thus to markedly
suppress the loss of high-frequency electrical current.

Furthermore, for example, 1n the branch structure, a pair of
branching conductors may be connected to an end of the
conductor. By connecting a pair of branching conductors to
the “end” of the conductor, at the branch portion of the branch
structure, high-frequency electrical current can be split into
the pair of branching conductors from the conductor with
higher efficiency.

Furthermore, for example, 1n the branch structure, a pair of
branching conductors may be connected to a front surface and
a back surface of an end of the conductor. In such a configu-
ration, the high-frequency electrical current flowing 1n a front
surface portion of the conductor flows into the branching
conductor connected to the front surface of the end of the
conductor, while the high-frequency electrical current tlow-
ing 1n a back surface portion of the conductor flows into the
branching conductor connected to the back surface of the
conductor. Consequently, the electrical current tflowing in the
front surface portion and the back surface portion of the
conductor 1s split into the pair of branching conductors with
suificiently high efficiency in the branch structure.

Furthermore, the conductors may be in the form of a foil.
By using foil-shaped conductors, a proximity effect can be
suppressed. The proximity effect 1s a phenomenon caused by
an eddy current generated when a magnetic flux produced by
clectrical current flowing in a conductor intersects another
adjacent conductor. The magnetic flux of a magnetic field
produced by electrical current tflowing 1n a foil-shaped con-
ductor 1s parallel to the surface of the foil. Consequently,
when a conductor 1s foil-shaped and very thin, the area that 1s
flux-linked to the adjacent conductor 1s very small. When the
flux-linkage area 1s small, the eddy current (loss) 1s small, and
thus, the proximity effect 1s suppressed.

Furthermore, the two or more branch structures may be
arranged so as not to be superposed on each other at the same
position. In such a configuration, the thickness can be pre-
vented from being increased due to the superposition of the
branch structures, which 1s effective when the usable space 1s
limited.

Furthermore, for example, 1n a branching conductor, each
of one end and the other end of the branching conductor may
be connected to another conductor by forming a branch struc-
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ture, and the distance (spacing) between the two branch struc-
tures may be larger than the width of the branching conductor.

In such a configuration, the high-frequency electrical current
flowing in the conductor can uniformly spread (flow) over the
surface of the conductor by the time the electrical current
reaches the next branch structure. As a result, it 1s possible to
prevent the high-trequency electrical current from becoming,
localized at a specific part and to prevent the current density
of the specific part from becoming higher than that of the
other part (1.e., to prevent the resistance from being increased
in the other part). Thus, the loss of high-frequency electrical
current can be suppressed.

As described above, the wire material according to the
embodiment of the present disclosure can be a wire material
in which measures are taken against the problem that, when
three or more conductors are collectively connected or joined
to a conductor, the conductor portion located 1nside forms a
bulk, and electrical current only flows 1n the conductors con-
stituting the outer surfaces. That 1s, a wire material may
include at least two branch structures disposed so as to be
continuous with each other, each of the branch structures
including a conductor 1in the form of a foil and a pair of
branching conductors, 1n the form of a foil, connected to a
front surface and a back surface of an end of the conductor,
(the pair of conductors being 1solated by an insulating layer or
an air layer), 1n which the two or more branch structures are
arranged so as not to be superposed on each other at the same
position, and in any of the branching conductors, each of one
end and the other end of the branching conductor has a con-
necting portion to be connected to another conductor, and the
distance between the two connecting portions 1s larger than
the width of the branching conductor. Such a configuration
tends to make it easier to markedly and reliably suppress the
loss ot high-frequency electrical current due to the skin effect.

Furthermore, according to the present disclosure, there 1s
provided an electronic device which can be efifectively pro-
duced using a wire material according to the present disclo-
sure, and which includes a wire material including at least two
branch structures disposed so as to be continuous with each
other, each of the branch structures including a conductor and
a pair of branching conductors connected to the conductor.
The electronic device 1s, for example, a capacitor or a coil.

Furthermore, according to the present disclosure, there 1s
provided a capacitor including a first wire material which
includes at least two branch structures disposed so as to be
continuous with each other, each of the branch structures
including a conductor and a pair of branching conductors
connected to the conductor; and a second wire material which
includes at least two branch structures disposed so as to be
continuous with each other, each of the branch structures
including a conductor and a pair of branching conductors
connected to the conductor, in which the branching conduc-
tors located at the end of the first wire material and the
branching conductors located at the end of the second wire
material are disposed so as to be opposed to each other with a
dielectric layer or an msulating layer therebetween. In such a
configuration, high-frequency electrical current can be sup-
plied, with low loss, to the branching conductors at the end of
the first wire material and the branching conductors at the end
of the second wire material. Thus, the storage capacitance of
the capacitor can be increased, and 1t 1s possible to suiliciently
respond to a high-speed switching operation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view showing a wire material
according to a first embodiment;
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FIG. 2 1s a plan view showing the wire material according
to the first embodiment;

FIG. 3 1s a plan view showing a modification example of a
wire material according to the first embodiment;

FIG. 4 15 a cross-sectional view showing a modification
example of a wire material according to the first embodiment;

FIG. 5 1s a cross-sectional view showing a modification
example of a wire maternial according to the first embodiment;

FIG. 6 1s a cross-sectional view showing a modification
example of a wire maternal according to the first embodiment;

FIG. 7 1s a cross-sectional view showing a capacitor
according to a second embodiment;

FIG. 8 1s a cross-sectional view showing a wire material
according to a third embodiment, the wire material being
formed using a thin-film process;

FIG. 9 15 a cross-sectional view showing a modification
example of a wire material according to the third embodi-
ment, the wire material being formed using a thin-film pro-
cess; and

FIG. 10 1s a cross-sectional view showing a modification
example of a wire material according to the third embodi-
ment, the wire material being formed using a thin-film pro-
Cess.

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

The embodiments of the present disclosure will be
described below with reference to the drawings. The same
components are represented by the same reference numerals,
and a repeated description will be omitted. Furthermore, the
positional relationships, such as upper/lower and left/right,
are based on those illustrated 1n the drawings unless otherwise
specified. The dimensional ratios of the drawings are not
limited to those shown in the drawings. The embodiments
disclosed herein are merely illustrative of the present disclo-
sure. It 1s therefore to be understood that the present disclo-
sure 1s not limited to the embodiments, and various modifi-
cations may be made to the embodiments without departing
the spirit and scope of the present disclosure.

First Embodiment

FIG. 1 1s a cross-sectional view showing a wire material 1
according to a first embodiment. As shown in FIG. 1, the wire
material 1 includes conductors 11 to 17. One end of the
conductor 12 1s connected to a front surface of one end of the
conductor 11, and one end of the conductor 13 1s connected to
a back surface of the end of the conductor 11. One end of the
conductor 14 1s connected to a front surface of the other end
of the conductor 12, and one end of the conductor 15 i1s
connected to a back surface of the other end of the conductor
12. One end of the conductor 16 1s connected to a front surface
of the other end of the conductor 13, and one end of the
conductor 17 1s connected to a back surface of the other end
of the conductor 13.

The wire material 1 of the first embodiment has a branch
structure B1 1n which a pair of conductors 12 and 13 are
respectively connected to the front and back surfaces of the
end of the conductor 11, a branch structure B2 in which a pair
of conductors 14 and 15 are respectively connected to the
front and back surtaces of the end of the conductor 12, and a
branch structure B3 1n which a pair of conductors 16 and 17
are respectively connected to the front and back surfaces of
the end of the conductor 13. In such a manner, in the wire
material 1 of this embodiment, at least two branch structures
are disposed so as to be continuous with each other. That 1s,
the conductors 12 and 13, which are branching conductors in
the branch structure B1, are provided with the branch struc-
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tures B2 and B3, respectively. Furthermore, any one or each
of the conductors 14, 15, 16, and 17 may be provided with
another branch structure.

The conductors may be composed of a metal or an alloy.
For example, copper can be used for the conductors. Besides
copper, aluminum, platinum, gold, silver, palladium, tin,
nickel, chromium, or the like may be used.

As the conductors, metal foils (foil-shaped conductors)
may be used. In such a case, metal foils, for example, com-
posed of copper, aluminum, platinum, gold, silver, tin, 1ron,
nickel, cobalt, chromium, brass, duralumin, stainless steel, or
the like may be used. The thickness of the foil-shaped con-
ductors 1s, for example, 200 um or less. By using the foil-
shaped conductors, the proximity effect can be suppressed.
The proximity effect 1s a phenomenon caused by an eddy
current generated when a magnetic flux produced by electr-
cal current flowing 1n a conductor intersects another adjacent
conductor. The magnetic flux of a magnetic field produced by
clectrical current flowing in a foil-shaped conductor 1s paral-
lel to the surface of the fo1l. Consequently, when a conductor
1s To1l-shaped and very thin, the area that 1s flux-linked to the
adjacent conductor 1s very small. When the flux-linkage area
1s small, the eddy current 1s small, and thus, the proximity
elfect 1s suppressed.

In order to join the conductors together, for example, sol-
dering, brazing, welding, direct bonding, thermal bonding,
ultrasonic welding, or the like may be used. Although not
shown, 1n order to prevent unnecessary connections except
for the connections 1n the branch structures, an insulating
coating layer 1s disposed on the surfaces of the conductors.
The insulating coating layer 1s, for example, composed of any
one of glass epoxy, polyimide, fluoroplastic such as polytet-
rafluoroethylene, polyurethane, polyvinylidene chlonde,
polyvinyl chlonide, polyethylene, Amilan, and polypropy-
lene, or a combination thereof.

FIG. 2 15 a plan view of the wire material 1. As shown in
FIG. 2, one end of the conductor 12 1s connected to the
conductor 11, and the other end of the conductor 12 1s con-
nected to the conductor 14. The distance L between the con-
necting portion of the conductors 11 and 12 and the connect-
ing portion of the conductors 12 and 14 1s larger than the
width W of the conductor 12. In such a configuration, the
high-frequency electrical current split from the conductor 11
into the conductor 12 can uniformly spread over the surface of
the conductor 12 by the time the electrical current reaches the
next branch structure B2. As a result, it 1s possible to prevent
the high-frequency electrical current from becoming local-
1zed at a specific surface of the conductor. Thus, 1t 1s possible
to decrease the current density of the high-frequency electri-
cal current flowing through one conductor, and the resistance
to the high-frequency electrical current can be decreased.

In the wire material 1 of the first embodiment, the high-
frequency electrical current flowing in the conductor 11 1is
equally split 1into a pair of conductors 12 and 13 which are
connected to the conductor 11 1n the branch structure B1. The
clectrical current split into the conductor 12 1s equally split
into a pair of conductors 14 and 15 1n the branch structure B2.
Meanwhile, the electrical current split into the conductor 13 1s
equally split into a pair of conductors 16 and 17 1n the branch
structure B3. When high-frequency electrical current tlows
through a conductor, electrical current 1s concentrated at the
surface o1 the conductor due to the skin effect, and the current
density in the surface of the conductor increases. As a resullt,
the resistance of the conductor tends to increase. In this
embodiment, since high-frequency electrical current 1s split
in the branch structures B1, B2, and B3, the current density of
high-frequency electrical current flowing through one con-
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ductor can be decreased, and thus 1t 1s possible to suppress an
increase in the current density due to the skin effect. Conse-
quently, it 1s possible to provide a wire material which has a
low resistance to high-frequency electrical current and 1n
which loss of high-frequency electrical current 1s suppressed.

By winding the wire material 1 (refer to FIGS. 1,4 t0 6) 1n
a direction 1indicated by the arrow, a coil 1s formed. In such a
case, an appropriate core may be used. The method of wind-
ing the wire material 1 1s not particularly limited, and the wire
material 1 may be wound concentrically (spirally) or heli-
cally.

Modifications of the wire material 1 will now be described
with reference to the drawings.

FIG. 3 1s a plan view showing a modification example of
the wire material 1 according to the first embodiment. As
shown 1 FIG. 3, the other end of the conductor 12 and the
other end of the conductor 13 may be shifted from each other
in the planar direction. Such a configuration is effective, for
example, when the thickness of the wire material 1s limited.

FIG. 4 1s a cross-sectional view showing a modification
example of the wire material 1 according to the first embodi-
ment. As shown 1n FIG. 4, a branch structure B2 on the front
surface side of a conductor may be shifted from a branch
structure B3 on the back surface side of the conductor. In the
example shown i FIG. 4, the branch structure B2 of the
conductor 12 1s shifted from the branch structure B3 of the
conductor 13 1n the planar direction. The wire material 1
shown 1n FI1G. 4 can also have the same advantage as the wire
maternial shown 1n FIG. 1. Such a configuration 1s also efifec-
tive, for example, when the thickness of the wire matenal 1s
limaited.

FIG. 5 15 a cross-sectional view showing a modification
example of the wire material 1 according to the first embodi-
ment. As shown in FIG. 5, one end of a conductor 12 1s
connected to the middle of the front surface of a conductor 11,
and one end of a conductor 17 1s connected to the middle of
the back surface of the conductor 11. One end of a conductor
14 1s connected to the middle of the front surface of the
conductor 12. In such a manner, 1n a branch structure, a
conductor and one of a pair of conductors to be connected to
the conductor may be integrally configured.

Even 1n such a configuration, the wire material 1 1s pro-
vided with a branch structure B1 connected to the conductor
11, and branch structures B2 and B3 respectively provided to
the conductors 12 and 11 branched in the branch structure B1.
The high-frequency electrical current flowing 1n the conduc-
tor 11 1s substantially equally split into a pair of conductors 11
and 12 1n the branch structure B1. The electrical current split
into the conductor 12 1s substantially equally split into a pair
of conductors 12 and 14 in the branch structure B2. The
clectrical current which has passed the branch structure Bl
and flows in the conductor 11 1s substantially equally split
into a pair of conductors 11 and 17 1n the branch structure B3.

FIG. 6 1s a cross-sectional view showing a modification
example of the wire material 1 according to the first embodi-
ment. As shown 1n FIG. 6, one end of a conductor 11 1s
divided into conductors 12 and 13 to form a branch structure
B1. The other end of the conductor 12, one end of which 1s
connected to the conductor 11, 1s divided into conductors 14
and 15 to form a branch structure B2. Furthermore, the other
end of the conductor 13, one end of which 1s connected to the
conductor 11, 1s divided into conductors 16 and 17 to form a
branch structure B3. In this example, by dividing a front
surface portion and a back surface portion of a conductor
from each other, branch structures are formed. In this way, 1n
a branch structure, a part of a conductor and a pair of conduc-
tors to be connected to the conductor may be integrally con-
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figured. Furthermore, the branch structures integrally config-
ured 1n such a manner may be shifted in the planar direction
so as to have the arrangement as 1n the modification example
shown 1n FIG. 3 or 4.

Even 1n such a configuration, the wire material 1 1s pro-
vided with a branch structure B1 connected to the conductor
11, and branch structures B2 and B3 respectively provided to
the conductors 12 and 13 branched 1n the branch structure B1.
The high-frequency electrical current flowing 1n the conduc-
tor 11 1s substantially equally split into a pair of conductors 12
and 13 1n the branch structure B1. The electrical current split
into the conductor 12 1s substantially equally split into a pair
of conductors 14 and 15 in the branch structure B2. The
clectrical current split into the conductor 13 1s substantially
equally split into a pair of conductors 16 and 17 1n the branch
structure B3.

Second Embodiment

FIG. 7 1s a cross-sectional view showing a capacitor 2
formed using wire materials of the first embodiment. As
shown 1n FIG. 7, the capacitor 2 includes two wire materals
10 and 20.

The configuration of the wire material (first wire material)
10 1s the same as that of the wire material 1 of the first
embodiment. That 1s, as shown 1n FIG. 7, the wire material 10
includes conductors 11 to 17. One end of the conductor 12 1s
connected to a front surface of one end of the conductor 11,
and one end of the conductor 13 1s connected to a back surface
of the end of the conductor 11. One end of the conductor 14 1s
connected to a front surface of the other end of the conductor
12, and one end of the conductor 15 1s connected to a back
surface of the other end of the conductor 12. One end of the
conductor 16 1s connected to a front surface of the other end
of the conductor 13, and one end of the conductor 17 1s
connected to a back surface of the other end of the conductor
13.

The wire material 10 has a branch structure B1 in which a
pair of conductors 12 and 13 are respectively connected to the
front and back surfaces of the end of the conductor 11, a
branch structure B2 1n which a pair of conductors 14 and 15
are respectively connected to the front and back surfaces of
the end of the conductor 12, and a branch structure B3 in
which a pair of conductors 16 and 17 are respectively con-
nected to the front and back surfaces of the end of the con-
ductor 13. In such a manner, 1n the wire material 10, as 1n the
first embodiment, at least two branch structures are disposed
so as to be continuous with each other. Furthermore, any one
or each of the conductors 14, 15, 16, and 17 may be provided
with another branch structure.

The configuration of the wire material (second wire mate-
rial) 20 1s also the same as that of the wire material 1 of the
first embodiment. However, the spreading direction of
branches 1n the wire material 20 1s opposite to the spreading
direction of branches in the wire material 10. As shown in
FI1G. 7, the wire material 20 includes conductors 21 to 27. One
end of the conductor 22 1s connected to a front surface of one
end of the conductor 21, and one end of the conductor 23 1s
connected to a back surface of the end of the conductor 21.
One end of the conductor 24 1s connected to a front surface of
the other end of the conductor 22, and one end of the conduc-
tor 25 1s connected to a back surface of the other end of the
conductor 22. One end of the conductor 26 1s connected to a
front surface ofthe other end of the conductor 23, and one end
of the conductor 27 1s connected to a back surface of the other
end of the conductor 23.

The wire material 20 has a branch structure B4 in which a
pair of conductors 22 and 23 are respectively connected to the
front and back surfaces of the end of the conductor 21, a
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branch structure B5 1n which a pair of conductors 24 and 25
are respectively connected to the front and back surfaces of
the end of the conductor 22, and a branch structure B6 in
which a pair of conductors 26 and 27 are respectively con-
nected to the front and back surfaces of the end of the con-
ductor 23. In such a manner, in the wire material 20, as 1n the
first embodiment, at least two branch structures are disposed
so as to be continuous with each other. Furthermore, any one
or each of the conductors 24, 25, 26, and 27 may be provided
with another branch structure.

As shown 1n FIG. 7, the conductors 14 to 17 at the end of
the wire material 10 and the conductors 24 to 27 at the end of
the wire material 20 are alternately arranged. A dielectric
layer and/or 1nsulating layer I 1s disposed between the con-
ductors 14 and 24, between the conductors 24 and 15,
between the conductors 15 and 25, between the conductors 25
and 16, between the conductors 16 and 26, between the con-
ductors 26 and 17, and between the conductors 17 and 27. As
the material for the dielectric layer and/or insulating layer I, a
high dielectric constant material, such as the one used for a
thin-film capacitor formed using a thin-film process can be
used. Examples thereof include barium titanate (BaTiO,),
titantum oxide (T10,), alumina, silicon nitride (S1,N,,), s1li-
con dioxide (510,), tantalum oxide (Ta,O.), aluminum
nitride (AIN), and magnesium oxide (MgQ). Alternatively, as
the material for the dielectric layer and/or insulating layer I,
the same 1nsulating material as that for the insulating coating,

ayer described above can be used. Examples thereof include
glass epoxy, polyimide, fluoroplastic such as polytetratluo-
roethylene, polyurethane, polyvinylidene chloride, polyvinyl
chloride, polyethylene, Amilan, and polypropylene.

As described above, the capacitor 2 1s a multilayer capaci-
tor mcluding a plurality of charge storage layers. In the
capacitor 2, charges are stored between the conductors 14 and
24, between the conductors 24 and 15, between the conduc-
tors 15 and 25, between the conductors 25 and 16, between
the conductors 16 and 26, between the conductors 26 and 17,
and between the conductors 17 and 27.

In the capacitor according to the second embodiment, high-
frequency electrical current can be supplied, with low loss,
from the conductor 11 to the conductors 14 to 17 at the end,
while high-frequency electrical current can be supplied, with
low loss, from the conductor 21 to the conductors 24 to 27 at
the end. Consequently, in the second embodiment, a multi-
layer capacitor can be configured, and high-frequency elec-
trical current can be supplied, with low loss, to the conductors
at the ends. Thus, the storage capacitance of the capacitor can
be increased.

Third Embodiment

In a third embodiment, an example of a wire material
including foil-shaped conductors formed using a thin-film
process will be described. FIG. 8 1s a cross-sectional view
showing a wire material 3 according to the third embodiment.

As shown 1n FIG. 8, the wire material 3 1s formed using a
thin-film process on a substrate 30 having insulating proper-
ties. The wire material 3 includes conductors 31 to 37. One
end of the conductor 32 1s connected via a plug P to a front
surface of one end of the conductor 31, and one end of the
conductor 33 1s connected via a plug P to a back surface of the
end of the conductor 31. One end of the conductor 34 is
connected via a plug P to a front surface of the other end of the
conductor 32, and one end of the conductor 35 1s connected
via a plug P to a back surface of the other end of the plug 32.
One end of the conductor 36 1s connected via a plug P to a
front surface of the other end of the conductor 33, and one end
of the conductor 37 1s connected via a plug P to a back surface
of the other end of the conductor 33. In the example shown 1n
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FIG. 8, a layer of the conductor 37, a layer of the conductor
33, a layer of the conductor 36, a layer of the conductor 31, a
layer of the conductor 35, a layer of the conductor 32, and a
layer of the conductor 34 are disposed in that order on the
substrate 30. Each two adjacent conductors are separated by
an isulating layer 38.

The wire material 3 of the third embodiment has a branch
structure B1 1n which a pair of conductors 32 and 33 are
respectively connected to the front and back surfaces of the
end of the conductor 31, a branch structure B2 1n which a pair
of conductors 34 and 35 are respectively connected to the
front and back surfaces of the end of the conductor 32, and a
branch structure B3 1n which a pair of conductors 36 and 37
are respectively connected to the front and back surfaces of
the end of the conductor 33. In such a manner, in the wire
material 3 of this embodiment formed using a thin-film pro-
cess, as 1n the first embodiment, at least two branch structures
can be disposed so as to be continuous with each other.
Furthermore, any one or each of the conductors 34, 35, 36,
and 37 may be provided with another branch structure.

The conductors may be composed of a metal or an alloy.
For example, copper can be used for the conductors. Besides
copper, aluminum, platinum, gold, silver, palladium, tin,
nickel, chromium, or the like may be used. The layers of the
conductors may be formed, for example, by sputtering, vapor
deposition, plating, printing, or photolithography.

Examples of the material for the insulating layer 38
include, but are not limited to, inorganic mnsulating materials,
such as silicon nitride, aluminum oxide, and silicon dioxide;
and organic insulating maternals, such as polyimide and
epoxy resins. The imsulating layer 38 may be formed by
coating, vapor deposition, or the like.

As described above, a wire matenial according to the
present disclosure can be formed using a thin-film process.
Consequently, it 1s possible to form, using a thin-film process,
a wire material in which loss of high-frequency electrical
current due to the skin effect can be suppressed. Furthermore,
the structure of the capacitor shown 1n FIG. 7 can be formed
using a thin-film process.

Modifications of the wire material 3 formed using a thin-
film process will now be described with reference to the
drawings.

FIG. 9 1s a cross-sectional view showing a modification
example of the wire material 3 according to the third embodi-
ment. As shown in FIG. 9, one end of a conductor 32 1s
connected via a plug P to the middle of the front surface of a
conductor 31, and one end of a conductor 34 1s connected via
aplug P to the middle of the front surface of the conductor 32.
One end of a conductor 36 1s connected via a plug P to the
middle of the front surface of the conductor 31.

Even 1n such a configuration, the wire material 3 1s pro-
vided with a branch structure B1 connected to the conductor
31, and branch structures B2 and B3 respectively provided to
the conductors 32 and 31 branched 1n the branch structure B1.
In such a manner, in the wire material 3 formed using a
thin-film process, 1n a branch structure, a conductor and one
ol a pair of conductors to be connected to the conductor may
be integrally configured.

FIG. 10 1s a cross-sectional view showing a modification
example of the wire material 3 according to the third embodi-
ment. As shown 1n FIG. 10, one end of a conductor 32 i1s
connected via a plug P to a front surface of the end of a
conductor 31, and one end of a conductor 33 1s connected via
a plug P to a back surface of the end of the conductor 31. One
end of a conductor 39 1s connected via a plug P to the middle
of a front surface of the conductor 32, and the other end of the
conductor 39 1s connected via a plug P to one end of a
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conductor 34. The conductor 39 extends 1n a direction oppo-
site the direction 1n which the other conductors extend. A
conductor 37 1s connected via a plug P to the middle of a back
surface of the conductor 33.

In the wire material 3 shown 1n FIG. 10, in the branch
structure B2, the conductors 32 and 39 are arranged such that
clectrical current flows 1n opposite directions between the
conductors 32 and 39. In such a manner, inside a wire material
3, some of the conductors may be arranged so as to extend 1n
a direction opposite the direction 1n which the other conduc-
tors extend.

As described above, 1t 1s to be understood that the present
disclosure 1s not limited to the embodiments described above,
and various modifications may be made to the embodiments
without departing the spirit and scope of the present disclo-
sure.

The wire materials, electronic devices, and capacitors
according to the present disclosure can be applied to power
supply circuits and electric circuits used in transport machin-
ery including electric cars, industrial production machinery
including magnetic imduction heating apparatuses, home
clectric appliances including IH heaters and inverter air con-
ditioners, and telecommunication equipment, i which
higher efficiency and lower loss 1n terms of high-frequency
clectric current are desired. Specifically, the wire materials,
electronic devices, and capacitors according to the present
disclosure can be, for example, applied to electric cars, stor-
age capacitors, solenoid valves, inverters, converters, flyback
transformers, choke coils, high-frequency coils, magnetic
induction heaters, and IH heaters.

What 1s claimed 1s:
1. A wire material comprising;
at least two branch structures disposed so as to be continu-
ous with each other, each of the branch structures includ-
ing a conductor in the form of a foi1l and a pair of branch-
ing conductors, in the form of a foil, connected to a front
surface and a back surface of an end of the conductor,

wherein the two or more branch structures are arranged so
as not to be superposed on each other at the same posi-
tion; and

in any of the branching conductors, each of one end and the

other end of the branching conductor has a connecting,
portion to be coupled to another conductor, and the
distance between the two connecting portions 1s larger
than the width of the branching conductor.

2. A wire material comprising:

a first branch structure comprising;:

a first conductor;

a second conductor branching off of an end of the first
conductor; and

a third conductor branching off of the end of the first
conductor; and

a second branch structure coupled to the first branch struc-

ture, wherein the second branch structure comprises:

a fourth conductor coupled to an end of the second
conductor of the first branch structure;

a fifth conductor branching off of an end of the fourth
conductor; and

a sixth conductor branching off of the end of the fourth
conductor.

3. The wire material according to claim 2, wherein the
second and third conductors are coupled to a front surface and
a back surface, respectively, of the end of the first conductor,
and wherein the fifth and sixth conductors are coupled to a
front surface and a back surface, respectively, of the end of the
fourth conductor.



US 8,395,048 B2

11

4. The wire material according to claim 2, wherein each of
the first, second, third, fourth, fifth, and sixth conductors are
in the form of a foil.

5. The wire material according to claim 2, wherein the first
and second branch structures are arranged so as not to be
superposed on each other at the same position.

6. The wire material according to claim 2, wherein, in any
of the second, third, fifth, and sixth conductors, each of one
end and the other end of the respective second, third, fifth, and
sixth conductor has a connecting portion to be coupled to
another conductor, and the distance between the two connect-
ing portions 1s larger than the width of the respective second,
third, fifth, and sixth conductor.

7. A capacitor comprising:

a first wire material comprising:

a first branch structure comprising:;
a first conductor:
a second conductor branching off of an end of the first
conductor; and
a third conductor branching off of the end of the first
conductor; and
a second branch structure coupled to the first branch
structure, wherein the second branch structure com-
prises:
a Tourth conductor coupled to an end of the second
conductor of the first branch structure;
a fifth conductor branching oif of an end of the fourth
conductor; and
a sixth conductor branching oif of the end of the
fourth conductor; and

a second wire material which includes at least two branch

structures disposed so as to be continuous with each
other, each of the branch structures including a conduc-
tor and a pair of branching conductors coupled to the
conductor,

wherein at least one of the second, third, fifth, or sixth

conductors of the first wire material and the branching
conductors located at the end of the second wire material
are disposed so as to be opposed to each other with at
least one of a dielectric layer or an insulating layer
therebetween.
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8. An electronic device comprising:
a wire material comprising;:
a first branch structure comprising:
a first conductor;
a second conductor branching o
conductor; and
a third conductor branching off of the end of the first
conductor; and
a second branch structure coupled to the first branch
structure, wherein the second branch structure com-
Prises:
a fourth conductor coupled to an end of the second
conductor of the first branch structure:
a {ifth conductor branching off of an end of the fourth
conductor; and
a sixth conductor branching oif of the end of the
fourth conductor.

9. The electronic device according to claim 8, wherein the
clectronic device 1s a capacitor or a coil.

10. The electronic device according to claim 8, wherein the
second and third conductors are coupled to a front surface and
a back surface, respectively, of the end of the first conductor,
and wherein the fifth and sixth conductors are coupled to a
front surface and a back surface, respectively, of the end of the
fourth conductor.

11. The electronic device according to claim 8, wherein
each of the first, second, third, fourth, fifth, and sixth conduc-
tors are 1n the form of a foil.

12. The electronic device according to claim 8, wherein the
first and second branch structures are arranged so as not to be
superposed on each other at the same position.

13. The electronic device according to claim 8, wherein, in
any of the second, third, fifth, and sixth conductors, each of
one end and the other end of the respective second, third, fifth,
and sixth conductor has a connecting portion to be coupled to
another conductor, and the distance between the two connect-

ing portions 1s larger than the width of the respective second,
third, fifth, and sixth conductor.

[

" of an end of the first
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